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APPARATUS AND METHODS OF DETECTING AND CONTROLLING TWISTS 
IN MULTICORE CABLES 

The present invention relates to methods and apparatus for detecting and controlling 
twists in multicore cables. 

Cables used for telecommunication and other high technology applications are 
required to be manufactured to high specifications since the way in which two or more 
conductors are twisted together can effect attenuation and crosstalk. 

Generally, cables which have two or more conductors twisted together rely on the 
apparatus generating the twist to ensure that the twisting takes place in a regular and 
uniform manner. However, in practice, the twist produced will vary and this in turn will 
vary the attenuation within the conductors and the crosstalk between them. 

It is an object of the present invention to provide apparatus and method of 
measuring the twist in a twisted cable as it is being manufactured so that with the aid of 
feedback, the twisting action can be modified to reduce non-uniformity towards zero. 

According to the present invention, there is provided apparatus for detecting the 
twist in a multistrand or multicore cable into which a nominal twist per unit length is 
introduced, the apparatus comprising means for measuring the speed at which the cable 
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travels and producing a reference signal having a frequency equal to the nominal twist rate 
of the cable, means for measuring the variation of a transverse dimension of the cable when 
viewed from a fixed point near which the cable passes, to produce an output signal 
including a frequency component equal to the twist frequency, an analyser for conducting 
5 an analysis on the output and conditioned by the reference signal to output only a 
measurement signal having said twist frequency. 



The analysis may be a Fourier analysis, or a timing analysis, or other type of 
analysis. 

10 

According to the present invention, there is further provided a method of detecting 
twist in a multistrand or multicore cable comprising the steps of monitoring the variation in 
profile of the cable as it passes a predetermined location to produce a measurement signal 
having a frequency component equal to the actual frequency of twist, determining the 
1 5 nominal twist frequency of the cable, conducting an analysis of the measurement signal and 
with the aid of the nominal twist frequency separating out from the measurement signal the 
component having the actual frequency of twist. 



According to the present invention there is still further provided apparatus for 
20 detecting the speed and twist rate in a cable having at least two twisted elongate elements 
and travelling along a predetermined path, the apparatus comprising first and second 
sensors spaced apart along said path by a predetermined distance, each sensor comprising a 
light source and detection means positioned about said path so that the cable interrupts the 
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light path from the source to the detector means to cast a varying shadow on the detector as 
the cable travels along the predetermined path, and means for processing the outputs of the 
two detector means to determine the actual speed and twist rate or the deviation, if any, 
from the actual speed and twist rate. 

The outputs of the detector means may be used in conjunction with a nominal speed 
and twist rate for the cable, to determine the actual speed and twist rate or deviation. 



Apparatus and methods for detecting and controlling the twists in multicore cables, 
10 will now be described, by way of example, with reference to the accompanying 
diagrammatic drawings, in which: 

Figure 1 is a plan view of the apparatus; 

Figure 2 is a front elevation of the apparatus of Figure 1; 

Figure 3 is a view from one side of the optical detection system of the apparatus of 
15 Figures 1 and 2; and 

Figure 4 is a front elevation of another apparatus embodying the invention. 



Figure 1 shows part of the twisted cable production line. Individual strands or 
conductors are taken from separate supply reels (not shown) and fed through a twisting 
20 assembly 2 in which orbital rotary components (not shown) produce a twist in the cable. 
The twisted cable 4 emerging from the assembly 2 passes over a pair of spaced supporting 
wheels 6 and 8. A detection arrangement 10 straddles the cable as it passes between the 
wheels 6 and 8. 
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The shaft of the wheel 6 is coupled to a transducer 12 which provides an output 
proportional to the speed of the wheel which in turn is dependent upon the speed of travel 
of the cable 4. 

5 The output of the transducer 12 is fed to a calibration unit 14. The calibration unit 

has an adjustable input which can be set to the nominal number of 360° twists that the 
twisting assembly induces per unit length of the cable. The frequency f re f of the output 
signal of the calibration unit is thus arranged to equal nominal rate or frequency at which 
the conductors rum about each other (the twist frequency) as they pass over the wheel 6. 

10 

A detection assembly 10 downstream of the wheel 6 measures the variation in the 
lateral dimension of the cable as the conductors twist about each other and the resultant 
signal produced will include a number of frequency components including the actual twist 
frequency of the cable. The output of the detection assembly 10 is fed to an analyser 18 
15 which conducts a Fourier analysis on the input signal. The analyser 18 also receives the 

reference frequency f re f which it uses to establish a bandwidth to select only the actual twist 
frequency component f t from the multitude of different frequency components established 
by the Fourier analysis. 

20 Other types of analysis may be used, eg timing analysis. 

This twist frequency component f t is fed together with the reference frequency f re f to 
comparator 20 which produces a difference signal f d . The difference signal of frequency f d 
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is fed back to the twisting assembly which responds by adjusting the twisting action in a 
sense to reduce the difference to zero. 

Figure 3 shows the detection assembly 10 in more detail. As shown, a light emitter 
22, on one side of the cable 4, is directed at a light receiver 24 in the opposite side of the 
cable. A first lens 26 located between the emitter 22 and the cable produces parallel rays of 
light, some of which are interrupted by the cable 4. Another lens 28 between the cable 4 
and the receiver 24 receives the non-intercepted light and focuses the rays on the receiver 
24. 

As can be seen as the twist progresses, the amount of light intercepted by the cable 
will vary and so will the shadow cast by the light on the receiver 24. Hence, the output 
signal from the receiver will have a frequency component equal to the twist frequency. 

15 The apparatus shown in Figure 4 is arranged to provide a first output indicative of 

the twist rate of a cable consisting of twin twisted strands or conductors and a second 
output indicative of the speed of the cable. Both of these parameters can be used in 
feedback systems to control the production of the cable. 

20 As shown, the twisted cable 36, emerging from a twisting assembly 30, is supported 

by a downstream roller 32. A light shield 34 extending above the cable 36 is provided with 
two slots 34A and 34B spaced apart in the longitudinal direction of the cable 36 and 
extending tangential to the cable. 
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A light shield 38 extending below the cable 36 is also provided with two slots 38A 
and 38B spaced apart in the longitudinal direction of the cable and extending tangential to 
the cable. The slots 34A and 34B are in direct alignment with respective slots 38A and 
38B. 

5 

A light source 40 projects a beam of light through slots 34A and 38A and a photo- 
detector 42 receives the light emerging from the slot 38A. Similarly, a light source 46 
projects a beam of light through the slots 34B and 38B and a photo-detector 48 receives the 
light emerging from the slot 38B. 

10 

A filter 50 is connected to receive the output from the detector 44 and passes a 
signal having a frequency over a specific range. 

A filter 52, similar to the filter 50, is connected to receive the output of the photo- 
15 detector 48. A phase comparator 54 is connected to the outputs of the two filters 44 and 48 
and provides a phase difference or error signal at an output terminal 56. 



A processor 58 receives the output of the filter 50 to provide a speed or speed error 
signal at output terminal 60. 

20 

In operation, as the twisted cable passes between respective pairs of slots 34A, 38A 
and 34B and 38B, it will present a varying profile and so the shadow it casts on respective 
photo-detectors 44 and 48, will vary in a generally sinusoidal manner. The output signal 
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from the detectors will thus include a selected frequency component related to the speed of 
the cable, assuming the twist rate remains constant. Any variation in the twist rate will 
manifest itself in a phase change in selected frequency components in the outputs of the two 
detectors 44 and 48. 

5 

The two filters 50 and 52 are arranged to have a relatively narrow passband having a 
centre frequency corresponding to the nominal twist frequency of the cable when run at 
nominal speed. The processor 58, upon receiving the output signal from the filter 50, 
coverts it into a speed signal which is then fed to the output 60. Instead, the processor 58 
10 may compare the output signal from the filter 50 with a nominal value and then feed an 
error signal to the output 60. 

The phase comparator 54 compares the phases of the two output signals from the 
filters 50 and 52 and provides a difference signal at output 56. Instead, the comparator may 
1 5 compare the phase difference with a nominal phase difference and feed an error signal to 
the terminal 56. 

The signals at the outputs 60 and 56 can be fed back to the assembly 30 to maintain 
the speed and twist rate of the cable substantially constant. 



20 



It will be appreciated that while the detection assembly is described as an optical 
sensor, other sensors which can detect a change in the twist of the cable can equally be 
used, for example, a capacitive or ultrasonic detection system. 
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In some embodiments, it may not be necessary to determine the nominal twist 
frequency and twist rate for a cable. 
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CLAIMS 

1 . Apparatus for detecting the speed and twist rate in a cable having at least two 
twisted elongate elements and travelling along a predetermined path, the apparatus 
5 comprising a first sensor having a light source and detection means positioned about said 
path so that the cable interrupts the light path from the source to the detector means to cast 
a varying shadow on the detection means as the cable travels along the predetermined path, 
and means for processing the outputs the detection means with the actual speed of the cable 
to determine the actual twist rate for the cable, characterised by a second sensor spaced 

10 apart along said path a predetermined distance from said first sensor, the second sensor 
having a light source and detection means positioned about said path so that the cable 
interrupts the light path from the source to the detection means to cast a varying shadow on 
the detection means as the cable travels along the predetermined path, and in that the 
processing means determines said actual speed of the cable from the outputs of said first 

15 and second sensors. 

2. Apparatus according to Claim 1, including for each sensor, a filter having a 
passband based around a frequency corresponding to the speed of the cable along said 
predetermined path. 

20 

3. A method for detecting the speed and twist rate in a cable having at least two 
twisted elongate elements and travelling along a predetermined path, the method 
comprising the step monitoring the variation in profile of the cable as it passes a first 
location along said path to provide a first measurement signal and processing the first 

25 measurement signal with a signal representative of the actual speed of the cable to 
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determine the twist rate characterised by the step of monitoring the variation in profile of 
the cable as it passes a second location along said path spaced a predetermined distance 
from said first location to produce a second measurement signal, and processing the first 
and second measurement signals to produce therefrom said signal representative of the 
5 actual speed of the cable. 
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D. Bruce Prout (20,968) Daniel R. Kimbell (34,849) 

Hayden A. Carney (22,663) Craig A. Gelfound (41.032) 

Richard J. Word, Jr. (24. 1ST) Syed A. Haaan (41,057) 

Russell R. Palmer, Jr. (22,994) Kathleen M. Olster (42,052) 

LoRoyT. Rahn (20.356) Daniel M. Cavanagh (41,661) 

Richard D. Seibel (22,134) Joel A. Kauth (41,886) 

Walter O. Maxwell (26,365) Patrick Y. Ikehara (42,681) 

William P. Christie (29,371) MarkGaracia (81,953) 

David A. Dillard (30,831) Gary J. Nelson (44,257) 

Thomas J. Daly (32.213) Raymond R. Tabandeh (43,945) 

Vincent O. Gioia (19,959) Cynthia A. Bonner (44,548) 

Edward R. Schwartz (31,136) Jun- Young E. Jeon (43,693) 

John D. Carpenter (34.133) MarcA.Karish (44,816) 

David A. Plumley (37.208) John F. O'Rourke (38,985) 

Wesley W. Monroe (39.778) Richard J. Paciulan (28,248) 

Giegory S. Lampert (35,581) Josephine E. Chang (46,083) 

Grant T. Langton (39.739) Frank L. Cire (42.419) 



Harold E. Wurst (22,183) 

Robert A. Green (28,301) 

John W. Peck (44,284) 

Stephen D. Burbaoh (40,286) 

Nicholas J. Pauley (44,999) 

Mark J. Marcelli (36,593) 

Peter A. Nichols (47,822) 

David J. Steele (47,317) 

Laurence H. Pretty (25,312) 

Robert A. Schrocder (25,373) 

Richard A Wallen (22,671) 

Michael J. MacDormott (29,946) 

Anne Wang (36,046) 

Richard A. Clegg (33,486) 

Natu J. Patel (39.559) 

Tom H. Dao (44,641) 

James M. Collison (P-50,517) 

Gary D. Lueck (P-50,791) 



The authority under this Power of Attorney of each person named above shall automatically terminate and be 
revoked upon such person ceasing to be a member or associate of or of counsel to that law firm. 



DIRECT TELEPHONE CALLS TO: D. Bruce Prout, 626/795-9900 



SEND CORRESPONDENCE TO: Customer Number: 23363 

CHRISTIE, PARKER & HALE, LLP 
P.O. Box 7068 
Pasadena, OA 91109-7068 

I declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge 
that, willful false statements and the like so made are punishable by fine or imprisonment, or both, under 18 
U.S.C. 1001 and that such willful false statements may jeopardize the validity of the application or any patent 
issued thoroon. 
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DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 

Docket No. 47968/DBP/S307 



NAME OF SOLE OR FIRST INVENTOR 

Patrick Fleming 




Inventor's Signature /7^^/^ N 




City C ^J3 ki 
Residence: Henlev-on-Thames 


State 
Oxon 


Country 
Groat Britain 


Citizenship 
British 


Mailing Address: 21 Berkshire Road. Henley-on-Thames. Oxon RG9 1ND Groat Britain 



NAME OF SECOND INVENTOR 






Halil Giray Hassan 








Inventor's Signature . 


Date 


City 

Residence: Edeware 


State 


Country 
Great Britain 


Citizenship 
British 


Mailine Address: 20 Watersfield Way. Edeware HAS 6RX Great Britain 



AA.M r.i'Ji I ■•■•irilWl 7 SJ PM 
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DECLARATION AND POWER OF ATTORNEY PATENT 
FOR PATENT APPLICATION 



Docket No. : 47968/DBP/S307 



As a below named inventor, I hereby declare that: 

My residence, mailing address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought 
on the invention entitled APPARATUS AND METHODS OF DETECTING AND CONTROLLING TWISTS IN 
MULTICORE CABLES, the specification of which is attached hereto unless the following is checked: 

X was filed on August 30, 2000 as United States Application Number or PCT International Application 
Number PCT/GB 00/03302 and was amended on (if applicable). 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including 
the claims, as amended by any amendment specifically referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR § 1.56, 
including for continuation-in-part applications, material information which became available between the filing 
date of the prior application and the national or PCT international filing date of the continuation-in-part 
application. 

I hereby claim foreign priority benefits under 35 U.S.C. § 119(a)-(d) or § 365(b) of the foreign application(s) for 
patent or inventor's certificate, or § 365(a) of any PCT International application which designated at least one 
country other than the United States of America, listed below and have also identified below, any foreign 
application for patent or inventor's certificate, or any PCT International application having a filing date before 
that of the application on which priority is claimed. 

Prior Foreign Application(s) 

Application Number Country Filing Date (day/month/year) Priority Claimed 

9920588.2 Great Britain 1 September 1999 Yes 

1 hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional application(s) listed below. 
Application Number Filing Date 



] hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s), or any PCT International 
application designating the United States, listed below and, insofar as the subject matter of each of the claims 
of this application is not disclosed in the prior United States or PCT International application in the manner 
provided by the first paragraph of 35 U.S.C. § 1 12. 

Application Number Filing Date Patented/Pending/Abandoned 



POWER OF ATTORNEY: I hereby appoint the following attorneys and agents of the law firm CHRISTIE, 
PARKER & HALE, LLP to prosecute this application and any international application under the Patent 
Cooperation Treaty based on it and to transact all business in the U.S. Patent and Trademark Office connected 
with either of them in accordance with instructions from the assignee : of the entire interest in this application; 
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DECLARATION AND POWER. OF ATTORNEY 
FOR PATENT APPLICATION 

Docket No. 47968/DBP/S307 



or from the first or sole inventor named below in the event the application is not assigned; or from Saunders & 
Dollevmore in the event the power granted herein is for an application filed on behalf of a foreign attorney or 

agent 



R. W. Johnston 
D. Bruce Prout 
Hayden A. Carney 
Richard J. Ward, Jr. 
Russell R. Palmer, Jr. 
LeRoy T. Rahn 
Richard D. Seibel 
Walter G. Maxwell 
William P. Christie 
David A. Dillard 
Thomas J. Daly 
Vincent G. Gioia 
Edward R. Schwartz 
John D. Carpenter 
David A. Plumley 
Wesley W. Monroe 
Gregory S. Lanipert 
Grant T. Langton 



(17,968) 
(20,958) 
(22,653) 
(24,187) 
(22,994) 
(20,356) 
(22,134) 
(25,355) 
(29,371) 
(30,831) 
(32,213) 
(19,959) 
(31,135) 
(34,133) 
(37,208) 
(39,778) 
(35,581) 
(39,739) 



Constantine Marantidis 
Daniel R. Kimbell 
Craig A. Gelfound 
Syed A. Hasan 
Kathleen M. Olster 
Daniel M. Cavanagh 
Joel A. Kauth 
Patrick Y. Ikehara 
Mai-k Garscia 
Gary J. Nelson 
Raymond R. Tabandeh 
Cynthia A. Bonner 
Jun- Young E. Jeon 
Marc A. Karish 
John F. O'Rourke 
Richard J. Paciulan 
Josephine E. Chang 
Frank L. Cire 



(39,759) 
(34,849) 
(41,032) 
(41,057) 
(42,052) 
(41,661) 
(41,886) 
(42,681) 
(31,953) 
(44,257) 
(43,945) 
(44,548) 
(43,693) 
(44,816) 
(38,985) 
(28,248) 
(46,083) 
(42,419) 



Harold E. Wurst 
Robert A. Green 
John W. Peck 
Stephen D. Burbach 
Nicholas J. Pauley 
Mark J. Marcelli 
Peter A. Nichols 
David J. Steele 
Laurence H. Pretty 
Robert A. Schroeder 
Richard A. Wallen 



(22,183) 
(28,301) 
(44,284) 
(40,285) 
(44,999) 
(36,593) 
(47,822) 
(47,317) 
(25,312) 
(25,373) 
(22,671) 



Michael J. MacDermott (29,946) 



Anne Wang 
Richard A. Clegg 
Natu J. Patel 
Tom H. Dao 
James M. Colhson 
Gary D. Lueck 



(36,045) 
(33,485) 
(39,559) 
(44,641) 
(P-50,517) 
(P-50,791) 



The authority under this Power of Attorney of each person named above shall automatically terminate and be 
revoked upon such person ceasing to be a member or associate of or of counsel to that law firm. 



DIRECT TELEPHONE CALLS TO: D. Bruce Prout, 626/795-9900 



SEND CORRESPONDENCE TO: 

CHRISTIE, PARKER & HALE, LLP 
P.O. Box 7068 
Pasadena, CA 91109-7068 

I declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or imprisonment, or both, under 18 
U.S.C. 1001 and that such willful false statements may jeopardize the validity of the application or any patent 
issued thereon. 



Customer Number: 23363 
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DECLARATION AND POWER OF ATTORNEY 
FOR PATENT APPLICATION 

Docket No. 47968/DBP/S307 



NAME OF SOLE OR FIRST INVENTOR 






Patrick Fleming 








Inventor's Signature 


Date 


City 

Residence: Henley-on-Thames 


State 
Oxon 


Country 
Great Britain 


Citizenship 
British 


Mailing Address: 21 Berkshire Road, Henley-on-Thames, Oxon RG9 1ND Great Britain 




NAME OF SECOND INVENTOR 






Halil Giray Hassan 








Inventor's Signature 






Date 


City 

Residence: Edgware ^ 13 M 


State 


Country 
Great Britain 


Citizenship 
British 


Mailing Address: 20 Watersfield Way, Edgware HA8 6RX Great Britain 



2 - oo 
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